Ukraine is the only major agricultural country whose production of biofuels has declined since 2010. Nevertheless, it has set a target of 11.5 percent of primary energy supply from biomass, biofuels and waste by 2035. Agricultural land needed to produce biofuels feedstock is calculated for two scenarios based on its current 11.5 percent target and previous 5.0 percent target specified as a share of transport energy consumption. The export orientation of Ukraine's crop sector and resulting foreign currency earnings pose trade-offs if crops are diverted from exports to biofuel feedstocks. Given these trade-offs, policy options for developing a biofuels industry while satisfying Ukraine's export and domestic markets are to (1) bring land not currently cultivated into production and (2) increase yield. Both options are found to have substantial potential.
INTRODUCTION
Ukraine has identified development of its agriculture as a strategic goal. However, it confronts tough global competition in agricultural markets and limited financial resources. Development of a biofuels sector offers the potential to both develop Ukraine's agriculture and increase its energy independence (Lupenko & Mesel-Veseliak, 2012, p. 3) .
In 2012, Ukraine enacted "On Alternative Fuels", its first law on biofuels production. A five percent blend of all fuels sold in Ukraine was mandated by 2014. On February 12, 2015, Verkhovna Rada revoked the law. Neither the infrastructure to blend biofuels nor a government system to monitor compliance were in place. In 2017, Ukraine set targets for 2035 of 25 and 11.5 percent of Ukraine's primary energy supply, respectively, from renewable energy and from biomass, biofuels and waste (Energy Strategy of Ukraine, 2017).
Interfacing with this domestic agenda is Ukraine's desire to be integrated into the European Union (EU-Ukraine Association Agreement, 2016). Important components of this integration are cooperation in the energy sphere and development of renewable energy. The European Energy Security Strategy of 2014 sets a renewable energy target of 20 percent of final energy consumption by 2020, increasing to 27 percent by 2030. An earlier Directive, 2009/28/EU, set a renewable energy target of 10 percent of transport energy by 2020.
LITERATURE REVIEW
Assessments of bioenergy in Ukraine are few. Demirbas (2009) included Ukraine in a general examination of the world biofuels industry. Advantages of biofuels were emphasized. They included higher income, investment in plants and equipment, lower greenhouse gas emissions, greater energy independence, and new value-added domestic markets for domestic crops. Bilotskiy (2017) connected Ukraine's integration into the EU with renewable energy's role in global and Ukrainian energy markets. Support provided to renewable energy by the European Parliament and implementation of a biofuels certification program by Ukraine were discussed.
Delzeit (2018) examined policies to develop biofuels production in the EU and concluded that these policies need to consider the complexity of agricultural value chains, interlinks between sectors, different political instruments, food security, international trade, and ecological priorities. This conclusion mirrored an earlier article by Zilberman et al. (2011) that concluded biofuels in general offer great opportunities for both developed and developing countries, but a number of social, economic, environmental and technical issues must be confronted.
Numerous studies address biofuels production and policy in individual countries or groups of countries. A representative list follows. Murphy el al. (2015, p. 6392) and Cheteni (2017) analyze the potential for developing a sustainable biofuels sector in Ireland and South Africa, respectively. Elliott (2017) contains an extensive review of analyses of the US biofuels industry and policy, including the role of biofuels and biofuels policy in food prices and climate change. Beckman (2018) discusses development of biofuel production in Brazil, EU, US, China and India, focusing on upward pressure on agricultural commodity prices from using agricultural feedstock for both fuel and food. Vimmerstedt et al. (2015) develop a detailed model of the dynamics of biofuels production for several scenarios based on policies of leading biofuels producing countries (p. 160). Stafford et al. (2017) analyze biofuels development in different regions, focusing on the strengths and challenges of developing biofuels production. Medipally et al. (2015, p. 2) examine the impact of globalization on the development of alternative energy around the world.
Aims. Objectives of this research are to (1) describe Ukraine's current biofuels market, (2) compare it with world trends, (3) develop future scenarios, (4) report on a SWOT analysis, and (5) identify key policy needs for developing Ukraine's biofuels industry.
METHODS
Government and international agency data are compiled. They are analyzed using descriptive statistics and graphic methods. Scenario analysis is used to identify possible pathways and associated government policy needs to develop Ukraine's biofuels industry. Strengths, weaknesses, opportunities and threats are identified using SWOT analysis.
RESULTS
According to data from BP, oil supplied 33 percent of world energy consumption in 2016, followed by coal at 28 percent and natural gas at 24 percent ( Figure 1 ). Coal supplied 36 percent of Ukraine's energy consumption, followed by natural gas at 30 percent and nuclear energy at 21 percent. Renewables (wind, geothermal, solar, biomass, and waste) supplied 3 percent for the world and 1 percent for Ukraine.
Between 2010 and 2016, world production of biofuels increased by nearly 30 percent (see Table 1 ). In 2016, biofuels comprised 20 percent of world renewable energy production. Ukraine is the only major agricultural producer in Table 1 with declining biofuels production.
The USA primarily uses corn to produce ethanol. According to the US Department of Energy, ethanol production accounted for approximately 134 million tons, or 35 percent, of total U.S. corn production in 2016. In comparison, bioethanol feedstock for the EU in 2016 is estimated at 8.9 million tons of cereals and 8.8 million tons of sugar beets, or about three and seven percent of total EU cereal and sugar beet production, respectively (USDA Foreign Agriculture Service; EU Biofuels Annual, 2016). Primary cereal feedstock is wheat in Northwestern Europe and corn in Central Europe.
We agree with Geletukha and Zheliezna (2017) that Ukraine has great potential for bioenergy production. To focus our discussion, two scenarios are identified. Scenarios are plausible situations to be studied (USDA, 2017). The two scenarios are based on historical and current targets Ukraine has set for biofuels production (see Table 2 ). As Maack (2001) notes, "Scenario analysis has been used by the private sector for the last 25 years to manage risk and develop robust strategic plans in the face of an uncertain future. Its success in helping firms manage large capital investments and change corporate strategy has made it a standard tool of medium-to long-term strategic planning. Scenarios have helped public sector agencies plan for population growth and regional development, state transportation investments, and the distribution of landfills". Given 2012-2016 average annual consumption of gasoline and diesel in Ukraine of 7 million tons of oil equivalent (State Statistics Committee of Ukraine), the hectares needed to meet the targets in Table 2 are presented in Table 3 . They are calculated assuming the share of a crop devoted to biofuels production is the same for all crops. Crop output is converted into ethanol or biodiesel output using the conversion factors in Kaletnik (2018) . The factors are 0.3002, 0.3121, and 0.0790 tons of ethanol per ton of corn, wheat, and sugar beets, respectively; and 0.3696, 0.1760, and 0.3520 tons of biodiesel per ton of rapes, soybeans, and sunflowers, respectively. They are multiplied by 0.68 to convert into oil equivalent output, then multiplied by 2012-2016 average Ukraine yields to derive the biofuel output per hectare for a crop, which are presented in column 4 of Table 3 . Given these assumptions and calculations, the targets for scenarios A and B can be met with 394 and 956 thousand hectares, or 2.1 and 5.1 percent of average hectares cultivated during the period 2012-2016.
Ukraine's cereal agriculture is export oriented. Among the countries in Table 4 , it has the highest export share for corn and close to the highest share for wheat. Exports of agrarian and food products in 2017 amounted to 17.9 billion US dollars and 41 percent of the value of all exports from Ukraine. Sunflower oil, wheat, corn and soy account for 24, 17, 15, and 6 percent, respectively, of Ukraine's exports of agrarian and food products. Ukraine may be unwilling to give up this source of foreign currency to develop its bioenergy industry. If so, Ukraine will need to increase crop production to meet its biofuels target.
Using the data from the State Service of Ukraine for Geodesy, Cartography and Cadastre, cultivable land not currently cultivated is calculated to be 5.2 million hectares. Biofuels that could be produced from this land are calculated assuming the (1) share of uncultivated land planted to corn, wheat, sugar beets, rapes, sunflower, and soybeans is the same as cultivated land in the period 2012-2016, (2) yield for uncultivated land equals 2012-2016 average yield for cultivated land, and (3) biofuel conversion factors are the same as in Table 3 . Given these assumptions, biofuels equal to 4.4 million tons of oil equivalent could be produced from currently uncultivated land. This output is 63 percent of average consumption of gasoline and diesel during the period 2012-2016 and far exceeds the biofuels targets of Scenarios A and B.
Another strategy is higher yield on cultivated land. Table 5 compares average yield of the six biofuels crops for 10 major agricultural producing and exporting countries. Ranked from highest to lowest, Ukraine's yield ranks sixth for corn, third for wheat, second for rapes, eighth for soybeans, and third for sunflower. Among the seven countries that grow sugar beets, Ukraine's yield ranks fifth. Ukraine's average yield is 41, 48, 49, 27, 35, and 23 percent below the highest average yield for corn (USA), wheat (France), sugar beets (France), rapes (France), soybeans (USA), and sunflowers (China), respectively. Ukraine average yields for 2012-2016 would have to increase by 2.3 and 5.3 percent to increase output enough to meet the bio- Using the preceding discussion as background, the main factors that will impact development of Ukraine's biofuels market are identified using a SWOT analysis (see Table 6 ). SWOT is a strategic planning tool used to evaluate Strengths (S), Weaknesses ( The SWOT analysis identifies the following key biofuel policy needs for Ukraine:
1. Investment in breeding programs and science to develop new and high-yield crops.
2. Incentives to bring uncultivable land into production, such as tax exemptions and low interest loans.
3. Investment in biofuels infrastructure.
4. Establishment of a government agency for biofuels.
RESULTS AND DISCUSSION
Ukraine is the only major agricultural producer with declining biofuels production since 2010. Nevertheless, in 2017, Ukraine set a target of 11.5 percent of its primary energy supply from biomass, biofuels and waste by 2035 (Energy Strategy of Ukraine, 2017). Moreover, Ukraine seeks integration into the EU, which has set a renewable energy target of 10 percent of transport energy from renewable energy by 2020.
Ukraine's agricultural sector is a potential resource for biofuels production. However, the export orientation of Ukraine's agricultural sector and resulting foreign currency earnings pose trade-offs if crops are diverted from exports to biofuels feedstock. Given these trade-offs, policy options to achieve Ukraine's biofuels target are to (1) bring the 16 percent (5.2 million ha) of cultivable land not currently cultivated into production and (2) increase yields. The production resulting from bringing all uncultivated land into production would be 63 percent of average consumption of gasoline and diesel during the period 2012-2016. Ukraine's yields are between 20 and 50 percent of the highest yield among countries who are major agricultural producers or exporters. Ukraine's average yields for the period 2012-2016 would have to increase by only 4.1 and 8.8 percent to increase output enough to meet, respectively, the rescinded biofuels targets for 2014 or the current biomass, biofuels and waste target for 2035 if applied to transport fuels. The possibility thus exists for Ukraine to both develop a biofuels industry and satisfy its export and domestic markets if it willing to invest in bringing uncultivated land into production or in a genetic breeding program to enhance yields.
